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Abstract
We have investigated the flavor changing top quark physics on the dimension-six anomalous tqγ (q =
u, c) couplings through the process pp → pγ γp → ptq¯p at the LHC by considering different forward 
detector acceptances. In this paper, we have also examined the effects of top quark decay. The sensitivity 
bounds on the anomalous couplings and t → qγ branching ratio have been obtained at the 95% confidence 
level for the effective Lagrangian approach. Besides, we have investigated the effect of the anomalous 
couplings on single top quark spin asymmetry.
© 2015 The Author. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
1. Introduction
Top quark mass is at the electroweak symmetry-breaking scale. It is the heaviest and one of 
the least known elementary particle in the Standard Model (SM) [1–3]. Therefore, the top quark 
properties and its interactions provide a possibility for examining new physics beyond the SM. 
Moreover, the effects of new physics theories on the top quark interactions are considered to be 
larger than on any other particles [4]. New physics interactions would alter top quark production 
and decay at the colliders. The most widely studied cases are top quark anomalous interactions 
via Flavour-Changing Neutral Currents (FCNC). Tree level FCNC decay t → qγ (q = u, c) is 
not possible in the SM. This decay can only make loop contributions and it is highly suppressed 
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tio is very small (≈ 10−14) [5–8]. In this instance, conflicts with the SM expectations of this 
decay would be evidence of new physics. These kind of decays have been studied in various 
new physics models beyond the SM: quark-singlet model [8–10], the two-Higgs doublet model 
[11–16], the minimal supersymmetric model [17–23], supersymmetry [24], the top-color-assisted 
technicolor model [25] or extra dimensional models [26,27].
Present experimental constraints on the FCNC tqγ couplings are the following: The CDF 
Collaboration limit on the branching ratio at 95% C.L. for the process t → qγ is BR(t → uγ ) +
BR(t → cγ ) < %3.2 [28]. The ZEUS Collaboration provide at 95% C.L. on the anomalous tqγ
coupling κtqγ < 0.12 [29] with the assumption of mt = 175 GeV. The Large Hadron Collider 
(LHC) can produce top quarks in the order of millions per year. Therefore, top quark couplings 
can be probed with very high sensitivity. In particular, both the ATLAS and CMS Collaborations
have presented their sensitivity bounds on these rare top quark decays induced by the anomalous 
FCNC interactions [30–32]. The most stringent experimental bounds recently have been obtained 
at 95% C.L. by the CMS Collaboration as BR(t → uγ ) = %0.0161 and BR(t → cγ ) = %0.182
[33]. The CMS group can be distinguished by the tuγ and tcγ couplings with applying charge 
ratio method [34]. Due to the fact that the u-quark parton distribution function is larger than the 
c-quark, they have found less sensitivity to tcγ coupling.
The effects of new physics to FCNC top quark couplings can be obtained in a model indepen-
dent way by means of the effective operator formalism. The theoretical basis of that kind of a 
method rely on the assumption that the SM of particle physics is the low-energy limit of a more 
fundamental theory. Such a procedure is quite general and independent of the new interactions at 
the new physics energy scale. According to Buchmüller and Wyler [35], these effective operators 
obey the SU(2)L × U(1)Y gauge symmetries of the SM and can be written in following form,
L = LSM + 1

L(5) + 1
2
L(6) + O
(
1
3
)
(1)
where,  is the energy scale of new physics, LSM is the SM Lagrangian, L(5) and L(6) are all of 
the dimension-five and dimension-six operators. As mentioned before, they are invariant under 
the gauge symmetries of the SM. The five dimensional terms break the conversation of lepton and 
baryon numbers. Hence, we do not examine these operators in this paper. The list of L(6) terms 
is quite vast. In Refs. [36–40], the authors have investigated all dimension-six flavor changing 
effective operators of the tqg (g: gluon) and tqV (V : γ, Z) FCNC top physics. In this paper, 
we examine the dimension-six operators that give rise to flavor changing interactions of the top 
quark in the electromagnetic interactions. These operators can be written as shown in [39,40],
OtB = i α
B
it
2
(u¯iRγ
μDνtR)Bμν,
OtBφ = β
B
it
2
(q¯iLσ
μνtR)φ˜Bμν,
OtWφ = β
W
it
2
(q¯iLτI σ
μνtR)φ˜W
I
μν, (2)
where αBit , βBit and βWit dimensionless complex coupling constants, uR and qL show the right-
handed u-quark singlet and left-handed doublet. Bμν and WIμν are the U(1)Y and SU(2)L field 
tensors, respectively. φ is the SM Higss doublet, τ I are the Pauli matrices and φ˜ charge conjugate 
of the Higgs doublet (φ˜ = iτ 2φ∗). Obviously, these operators contribute to t quark anomalous 
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field φ and it’s vacuum expectation value ν are used in Eqs. (2), through the well-known Wein-
berg rotation. Moreover, the Z boson couple with the Higgs field. Therefore, there are several 
extra effective operators which will only contribute to new FCNC interactions of the Z boson 
[36,37]. These operators will not be considered in this paper, since we analyze only tqγ anoma-
lous interactions. The FCNC photon and Z boson couplings with t -quark can be isolated defining 
new coupling constants,
αγ = cos θWαB,
αZ = − sin θWαB,
βγ = sin θWβW + cos θWβB,
βZ = cos θWβW − sin θWβB. (3)
After these definitions, the Feynman rules including quartic vertex can be obtained as follows 
[39,40]
γ tq¯ = 1
2
[γμγR(αtjp2 + α∗j tp1) + vˆσμν(βtj γR + β∗j t γL)](kμgνα − kνgμα),
γ t¯q = 1
2
[γμγR(αtjp1 + α∗j tp2) + vˆσμν(βtj γR + β∗j t γL)](kμgνα − kνgμα),
γγ tq¯ = ge
2
[(/k1gμν − k1νγμ)γR(αjt + α∗tj ) + (k2gμν − k1μγν)γR(αjt + α∗tj )]. (4)
Here, σμν = i2 [γμ, γν], γL(R) are the left(right)-handed projection operators, vˆ = v/
√
2 =
174 GeV, ge =
√
4πα, k1 and k2 are the photon momentums, p1, p2 are t and q = u, c quark 
momentums, respectively. In γ tq¯ and γγ tq¯ t -quark (q-quark) is incoming (outgoing) the ver-
tex, in γ t¯q t -quark (q-quark) is outgoing (incoming) the vertex. Additionally, the momentum 
of the photons are incoming to the vertex.
2. Photon–photon interactions at the LHC
The Large Hadron Collider (LHC) provides high energetic proton–proton collisions with high 
luminosity. Therefore, it generates very rich statistical data. It is expected that LHC will answer 
many unknown problems in new theories. However, ultraperipheral interactions and elastic col-
lisions may not be catched at the main detectors of the LHC with limited pseudorapidity. For 
this reason, ATLAS and CMS Collaborations developed a plan of forward physics with updated 
extra detectors. These extra detectors are placed at a distance of 220 m–420 m from the inter-
action point, in order to detect intact protons which are scattered after the collisions with some 
momentum fraction loss ξ = (|E| − |E′|)/|E|. Here E is the energy of the incoming proton 
and E′ is the energy of intact scattered proton. These new machines are known very forward 
detectors (VFDs). With VFDs, it will be possible to study the exclusive interactions of proton–
proton and opens new opportunities of studying high energy photon-induced reactions, such as 
photon–photon and photon-proton interactions. The pp deep inelastic scattering (DIS) have very 
complex backgrounds due to interacted protons dissociate into partons. In the DIS process, made 
up of jets would cause some ambiguities. This situation make it hard to detect the new physics 
signals beyond the SM. On the other hand, γ γ or γp collisions have lower backgrounds than 
proton–proton DIS. Because, in photon induced reactions quasi-real photons emitted from pro-
ton beam can interact with other protons or emitted photons. The emitted almost-real photons 
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have a low virtuality. Therefore, the proton structure remains intact. Moreover, γ γ collisions are 
the most clean processes since they do not include any QCD interactions.
VFDs can detect intact outgoing protons in the interval ξmin < ξ < ξmax. This interval is 
known as the acceptance of the VFDs. If these machines are established closer to central de-
tectors, a higher ξ can be obtained. One of the programs about these detectors was prepared 
by ATLAS Forward Physics Collaboration (AFP). This program includes 0.0015 < ξ < 0.15, 
0.015 < ξ < 0.15 detector acceptance ranges [41]. It is organized to two types of measurements 
to research with high precision using the AFP [42–44]. These are exploratory physics (anoma-
lous couplings between γ and Z or W bosons, exclusive production, etc.) and standard QCD 
physics (double Pomeron exchange, exclusive production in the jet channel, single diffraction, 
γ γ physics, etc.). These measurements will enhance the HERA and Tevatron experiments to the 
kinematical region of the LHC. Furthermore, CMS-TOTEM forward detectors are placed closer 
to the central detectors and they have acceptance regions 0.0015 < ξ < 0.5, 0.1 < ξ < 0.5 [45,
46]. The main goals of the TOTEM experiment are examining the elastic proton–proton interac-
tions, total proton–proton cross-section, and overall types of diffractive physical processes. The 
TOTEM experiment use the Roman Pots detector. It can be moved nearby to the outgoing protons 
to enable the trigger on elastic and diffractive protons and to measure their physical parameters 
such as the momentum shift and the transverse momentum exchange. Detectors of the charged 
particle in the forward area can catch almost all inelastic physical processes. A large solid an-
gle is covered with support of the CMS detector. Therefore, the detectors enable the workers 
to perform precise studies [47–49]. High energy scattering are accompanied by a number of 
soft interactions in the same bunch-crossing, known as pile-up events at high luminosity values. 
However, these backgrounds can be suppressed by using exclusivity conditions, kinematics and 
timing constraints at high luminosity values with application of forward detectors in conjunction 
with main detectors [41,50,51].
Photon-photon interactions were recently examined in the measurements of the CDF Col-
laboration [52–58]. Their results are consistent in theoretical calculations with pp¯ → p+−p¯
through the subprocess (γ γ → +−). At the LHC, the CMS Collaboration have also de-
tected photon-induced reactions pp → pγ γp → pμ+μ−p, pp → pγ γp → pe+e−p from the √
s = 7 TeV [59,60]. Therefore, the photon-induced interactions potential at the LHC is signifi-
cant, with its high energy and high luminosity [61–91].
As mentioned above, forward detectors make it possible to measure high energy photon–
photon interaction. This process is occurred by the collision of two photons which are radiated off 
the incoming protons and produce a central system X through the process pp → pγ γp → pXp. 
Schematic diagram for this process can be seen in Fig. 1. The system X will be detected by the 
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tuality of photons. These intact protons are also known as forward protons. They cannot catched 
at the main detectors and go on their path near to the beam line. Because energy loses of the 
protons can be measured by the forward detectors, it is possible to know invariant mass of the 
central system W = 2E√ξ1ξ2.
At the LHC, the equivalent photon approximation (EPA) has been satisfyingly applied to 
photon-induced reactions [92–94]. In this method, two quasi-real photons with low virtuality are 
(Q2 = −q2) emitted by each incoming proton. These photons interact with each other to produce 
X through the subprocess γ γ → X. The emitted quasi-real photons give a spectrum in terms of 
virtuality Q2 and the photon energy Eγ = ξE,
dN
dEγ dQ2
= α
π
1
EγQ2
[(1 − Eγ
E
)(1 − Q
2
min
Q2
)FE +
E2γ
2E2
FM ] (5)
where mp is the mass of the proton. The other terms are as follows,
Q2min =
m2pE
2
γ
E(E − Eγ ), FE =
4m2pG2E + Q2G2M
4m2p + Q2
(6)
G2E =
G2M
μ2p
= (1 + Q
2
Q20
)−4, FM = G2M, Q20 = 0.71 GeV2. (7)
Here, FE and FM are the functions of the electric and magnetic form factors respectively, 
μ2p = 7.78 is the squared magnetic moment of the proton. This spectrum differs from the point-
like electron case by taking into account of the electromagnetic form factors. The luminosity 
spectrum of photon–photon collisions dLγγ
dW
can be obtained in the framework of the EPA as 
follows,
dLγγ
dW
=
Q2max∫
Q21,min
dQ21
Q2max∫
Q22,min
dQ22
ymax∫
ymin
dy
W
2y
f1(
W 2
4y
,Q21)f2(y,Q
2
2). (8)
Here, we have taken the Q2max = 2 GeV2 since Q2max is greater than 2 GeV2 region does not make 
a significant contribution to this integral. From Eq. (8) the cross section for the main process 
pp → pγ γp → pXp can be found by integrating γ γ → X subprocess cross section over the 
photon spectrum,
dσ =
∫
dLγγ
dW
dσˆγ γ→X(W)dW. (9)
In this paper, we have examined the anomalous FCNC interactions for the process pp →
pγ γp → ptq¯p at the LHC through the subprocess γ γ → t q¯ . In all results of this study, we 
impose a cut of |η| < 2.5 and pt > 30 GeV. The QED two-photon survival probability have been 
taken as 0.9 [95]. Additionally, we have assumed that the center-of-mass energy of the LHC is 
14 TeV.
3. Numerical analysis
The effective operator methods provide to obtain the possible rare decays of the top quark in a 
model-independent manner. The squared amplitude for top FCNC decay t → qγ (q = u, c) can 
be obtained in terms of the anomalous couplings by using Eq. (4),
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dimension-six tqγ couplings.
|Mt→γ q |2 = m
4
t
24
{m2t |αγtu + (αγut )∗|2 + 16vˆ2(|βγtu)|2 + |βγut )|2)
+ 8vˆmt Im[βγtu(αγut + (αγut )∗)]}. (10)
From this result, it is easy the obtain decay width,
t→γ q = m
3
t
64π4
{m2t |αγtu + (αγut )∗|2 + 16vˆ2(|βγtu)|2 + |βγut )|2)
+ 8vˆmt Im[βγtu(αγut + (αγut )∗)]}. (11)
There are five Feynman Diagrams for the γ γ → t q¯ as shown in Fig. 2. The polarization summed 
amplitude square can be found by using Eq. (4),
|Mγγ→t q¯ |2 = g
2
eQ
2
t s
4(t − m2t )2t (u − m2t )2u
× {m10t (t + u) − 12m8t tu + m6t (t + u)(t2 + 13tu + u2)
− m4t tu(t2 + 24tu + 7u2) + 12m2t t2u2(t + u) − 6t3u3}{m2t |αγtu + (αγut )∗|2
+ 16vˆ2(|βγtu)|2 + |βγut )|2) + 8vˆmt Im[βγtu(αγut + (αγut )∗)]}, (12)
where s = (p1 +p2)2 = (k1 +k2)2, t = (k1 −p1)2 = (k2 −p2)2 and u = (k1 −p2)2 = (k2 −p1)2
are the Mandelstam variables. The differential cross section for the γ γ → t q¯ can be written by 
the means of the decay rate as seen from Eqs. (11) and (12),
dσ
d(cos θ)
= 3(s − m
2
t )Q
2
t g
2
e
2m3t stu(t − m2t )2(u − m2t )2
Gγγ t→qγ . (13)
Here Gγγ function given as follows,
S.C. ˙Inan / Nuclear Physics B 897 (2015) 289–301 295Fig. 3. The cross sections of pp → pγ γp → ptq¯p as a function of branching ratios of t → qγ (BR(t → qγ )) for three 
forward detector acceptances: 0.0015 < ξ < 0.5, 0.0015 < ξ < 0.15 and 0.015 < ξ < 0.15.
Gγγ = m10t (t + u) − 12m8t tu + m6t (t + u)(t2 + 13tu + u2)
− m4t tu(t2 + 24tu+ 7u2) + 12m2t t2u2(t + u) − 6t3u3. (14)
In Figs. 3(a–c), we show the total cross sections as functions of branching ratio of the t → qγ
decay for three acceptance regions: 0.0015 < ξ < 0.5, 0.0015 < ξ < 0.15 and 0.015 < ξ < 0.15. 
We obtain from these figures that the total cross section for the 0.0015 < ξ < 0.5 is better than 
the others. Also, we have calculated the cross section for the 0.1 < ξ < 0.5 acceptance range. 
However, the cross section for the this acceptance range is very small. For instance, it has been 
obtained 2.75 × 10−4 fb for BR(t → qγ ) = 0.0005. Hence, we do not show the cross section 
for this acceptance range. This result can be understood from Figs. 4(a–c). These figures rep-
resent the cross sections versus the minimum transverse momenta (or ptcut) of the final quarks 
for BR(t → qγ ) = 0.0005. When Figs. 4(a) and 4(c) are compared, it can be obtained that the 
acceptance region 0.1 < ξ < 0.5 has almost the same result as the region 0.0015 < ξ < 0.5 with 
pt,min = 800 GeV. Therefore, the cross section with a high acceptance region’s lower bound is 
similar to that with an additional pt cut. In Figs. 5(a–c), we plot the pt distribution of the final 
state quarks for differential cross section with BR(t → qγ ) = 0.0005 for three acceptance re-
gions: 0.0015 < ξ < 0.5, 0.0015 < ξ < 0.15 and 0.015 < ξ < 0.15. It turns out that anomalous 
coupling has the dominant effect in low pt regions. Hence, 0.1 < ξ < 0.5 forward detector ac-
ceptance range is not convenient for investigating dimension-six anomalous top quark coupling.
It can be considered that, there are SM backgrounds. pp → pγ γp → pWbq¯p process is 
one of the these backgrounds. However, this background is very small (= 4.5 × 10−6 fb) even 
for the 0.0015 < ξ < 0.5 and therefore we do not consider this background. The process of 
γ γ → 4j in SM would contribute to this background if one of the light jet is mistaken to be a 
b-jet. We have found this background in order of 10−2 fb for 0.0015 < ξ < 0.5. However, the 
new developments were reported in reducing the light quark-b misidentification probabilities in 
ATLAS [96] and CMS [97]. In CMS experiment, a misidentification probability of only in order 
of 1% has been achieved. The cross section of the signal for the pp → pγ γp → ptq¯p is in order 
of 10 fb for the 0.0015 < ξ < 0.5. Therefore, we think that the inclusion of these backgrounds to 
this paper may be neglected.
We have found 95% confidence level (C.L.) limits on the branching ratios of the top quark. 
We have applied the Poisson distribution statical analysis method since the SM background for 
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for BR(t → qγ ) = 0.0005 and three forward detector acceptances: 0.0015 < ξ < 0.5, 0.0015 < ξ < 0.15, and 0.1 < ξ <
0.5.
Fig. 5. Differential cross sections of pp → pγ γp → ptq¯p as a function of the transverse momentum on the final state 
particles for BR(t → qγ ) = 0.0005 and three forward detector acceptances: 0.0015 < ξ < 0.5, 0.0015 < ξ < 0.15, and 
0.015 < ξ < 0.15.
the this process is absent. In Poisson analysis, the number of observed events are assumed to 
be equal to the SM prediction. Upper bounds of events number Nup can be obtained from the 
following equation at the 95% C.L. [98,99],
Nobs∑
k=0
PPoisson(Nup, k) = 0.05. (15)
Depending on the number of observed events, values for upper limits Nup can be found in Ta-
ble 38.3 in Ref. [100]. Since Nobs = 0 in our paper, we have taken Nup = 3. The Nup can be 
directly converted to the bound of branching ratio of t → qγ with using Eq. (13) for the different 
luminosity values. In Figs. 6(a–c), we represent sensitivity bounds on the BR(t → qγ ). These 
bounds are given as a function of integrated LHC luminosity for three forward detector accep-
tances 0.0015 < ξ < 0.5, 0.0015 < ξ < 0.15 and 0.015 < ξ < 0.15. We see from these figures 
that our limits are better than the current experimental best stringent result for t → cγ . At the 
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for three forward detector acceptances: 0.0015 < ξ < 0.5, 0.0015 < ξ < 0.15 and 0.015 < ξ < 0.15.
same time, even at the next searches of the LHC pp collisions with 3000 fb−1 of integrated lumi-
nosity, LHC sensitivity bounds on BR(t → qγ ) would not be improved substantially [101,102]. 
Therefore, it may be important to examine FCNC anomalous coupling of the top quark at future 
photon-induced LHC studies with very high luminosity values.
On the other hand, FCNC Lagrangian considered in [103,104] to define dimension-six anoma-
lous interaction contains two effective operators instead of four ones. It has been showed that the 
operator Otb in Eq. (2) is redundant. Then, the author have obtained the following interaction 
Lagrangian,
Lγ tq = −geq¯ iσ
μνqν
mt
(λLγL + λRγR)tAμ + H.c. (16)
This Lagrangian includes the same physics, under change of variables plus some redefinitions of 
for fermion operator coefficients. With using this effective Lagrangian, decay width for t → qγ
can obtain much simpler form,
(t → qγ ) = g
2
emt
16π
(|λR|2 + |λL|2). (17)
The differential cross section is also same as Eq. (13). Therefore, our discussion do not change 
for this effective Lagrangian. Additionally, we have obtained %95 C.L. contours for λR and λL
for L = 50 fb−1, L = 100 fb−1, L = 200 fb−1 and three forward detectors acceptance regions 
0.0015 < ξ < 0.5, 0.0015 < ξ < 0.15 and 0.015 < ξ < 0.15 in Figs. 7(a–c).
Furthermore, we have calculated spin asymmetry of the final state single top quark with using 
Eq. (16). The correlation among the top spin and its decay products can be obtained in the rest 
frame of the final state top quark. In this situation, the angular distribution of the decay is obtained 
as follows,
1
T
d
d cos θi
= 1
2
(1 + αi cos θi), (18)
where, T is the total decay rate of the top quark, θi is the angle between the decay product and 
the top quark spin quantization axis and αi is the correlation degree between the decay products 
and top spin (αi = 1 for i = l+, d¯, ¯s; αi = 0.4 for i = b) [105]. If there is a mixture of spin up 
and spin down top quarks in the interaction, Eq. (18) turns into following form,
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acceptance regions: 0.0015 < ξ < 0.5, 0.0015 < ξ < 0.15 and 0.015 < ξ < 0.15.
Fig. 8. Single top quark spin asymmetry as function of the |λR |/|λL| for 0.0015 < ξ < 0.5.
1
T
d
d cos θi
= 1
2
(1 + Aαi cos θi). (19)
Here, A is called the spin asymmetry. In order to find the cross section, depending on the spin, 
the following projection operator can be used,
∑
st
u(p1, st )u¯(p1, st ) = 12 (1 + γ5/st )(/p1 + mt) (20)
where st is the spin vector of the top quark. It can be established in the helicity basis as follows,
s
μ
t = λt
( | p1|
mt
,
E1
mt
p1
| p1|
)
; λt = ±1, (21)
here, E1 is the energy of the top quark. In this case, spin asymmetry of the top quark can be 
written in terms of spin dependent events number N(λt) as following form,
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N(λt = 1) + N(λt = −1) . (22)
Depending on the helicity of the top quark λt , differential cross section can be obtained for 
γ γ → t q¯ subprocess,
dσ(λt )
d(cos θ)
= − 3g
4
eQ
2
t (s − m2t )
128πm2t s2tu(t − m2t )2(u − m2t )2
[(|λR|2 + |λL|2)2sGγγ
+ λt (|λR|2 − |λL|2)Hγγ ], (23)
where,
Hγγ = 1
t + u [(16tu)m
12
t − 4(t + u)(t2 + u2 + 12tu)m10t
+ (76tu3 + 76ut3 + 176t2u2)m8t
+ (t + u)(2t4 + 2u4 − 47tu3 − 47ut3 − 166t2u4)m6t
+ (9tu5 + 9ut5 + 108t2u4 + 108u4t2 + 222t3u3)m4t
− (t + u)(19t2u4 + 19u4t2 + 74t3u3)m2t + 12t3u3(t + u)2]. (24)
There is no polarization of the top quark when |λR ||λL| = 1 as showed from Eq. (23). In Fig. 8, 
we have plotted the top quark spin asymmetry as function of the |λR||λL| for 0.0015 < ξ < 0.5. We 
have also obtained the spin asymmetry for 0.0015 < ξ < 0.15 and 0.015 < ξ < 0.15. However, 
since these results very similar to 0.0015 < ξ < 0.5 case, we do not show the figures for these 
acceptance ranges. As seen from Fig. 8, when |λR ||λL| goes to 0 (infinity), asymmetry approach the −1 (1). Therefore, asymmetry can be used to determine the type of the interaction Lagrangian.
4. Conclusions
The LHC can be used as a high energy photon–photon and photon-proton collider with new 
equipments which are called very forward detectors. There are no existing high energy photon–
photon, photon-proton colliders with this quality. Particle production through γ γ fusion yield 
fewer backgrounds than the pure DIS process. There are no proton remnants after the collisions 
and, these type of interactions are only electromagnetic in nature. The intact protons detect in 
forward detectors. This detection allow to measure the energy of the almost-real photons. In this 
case, it is possible to determine the invariant mass of the central system. With this clean envi-
ronment, any discrepant signal with the prospect of the SM would be a conclusive clue for new 
physics beyond the SM. Moreover, anomalous tqγ couplings might also be uniquely revealed in 
single top photon-induced reactions [41].
In this paper, we have examined anomalous dimension-six top quark photon couplings in 
a model-independent way in the pp → pγ γp → ptq¯p process for three forward detector ac-
ceptances 0.0015 < ξ < 0.5, 0.0015 < ξ < 0.15 and, 0.015 < ξ < 0.15. We have obtained the 
sensitivity bounds on branching ratio of the t → qγ and anomalous couplings. We see that, our 
obtained results can improve the sensitivity bounds for the branching ratio of the t → cγ with re-
spect to current experimental results. We have also made these analysis for another dimension-six 
effective Lagrangian which have only two anomalous couplings. This effective operator contains 
the same physics. Therefore, we have obtained the same results for the cross sections and sensi-
tivity bounds. Additionally, we have analyzed spin asymmetry of the single top quark through the 
process pp → pγ γp → ptq¯p for this effective Lagrangian. We have seen that the asymmetry is 
300 S.C. ˙Inan / Nuclear Physics B 897 (2015) 289–301very sensitive to the couplings. Hence, asymmetry can be used in determining the structure of the 
interaction Lagrangian. Based on the findings of this study, it is concluded that, photon–photon 
fusion provides new opportunities for top quark physics beyond the SM.
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